Abstract
Introduction

60
Classical virus infection in the host cell is initiated by interactions between viral
82
Although the DCP1-DCP2 complex affects the mRNA stability, the regulation of To address the influence of DCP1-DCP2 complex on DNA virus infection and the 105 role of the miRNA-regulated DCP1-DCP2 complex in virus infection, shrimp and
106
WSSV miRNAs targeting the DCP1-DCP2 complex were characterized in this study.
107
The results indicated that shrimp miR-87 and viral WSSV-miR-N46 (a viral miRNA) 108 could suppress virus infection by targeting the DCP1-DCP2 complex. TA-3'), WSSV-miR-N46 (5'-AGUGCCAAGAUAACGGUUGAAG-3'), U6 (5'-GG
136
GCCATGCTAATCTTCTCTGTATCGTT-3'), wsv477 (5'-CGAT TTCGGCAGGC
137
CAGTTGTCAGA-3'), DCP2 (5'-CCAGAAACCCTGAACTAAGAGAA-3') or actin
138
(5'-CTCGCTCGGCGGTGGTCGTGAAGG-3') probe at 42 ℃ overnight (23).
139
Subsequently the detection was performed with the DIG High Prime DNA labeling 140 and detection starter kit II (Roche).
141
Silencing or overexpression of miR-87 or WSSV-miR-N46 in shrimp
142
To knock down miR-87 or WSSV-miR-N46, an anti-miRNA oligonucleotide
143
(AMO) was injected into WSSV-infected shrimp (23 predicted by the four algorithms were the potential targets of the miRNA. ATGA TGCCAAGA CAGCATCACATCGGCCC-3').
255
The constructs were co-transfected into insect High Five cells at 70% confluence or anti-FLAG antibody, followed by Western blot analysis.
261
Statistical analysis
262
All the numerical data presented were analyzed by one-way analysis of variance
263
(ANOVA) to calculate the means and standard deviations of triplicate assays.
265
Results
266
Role of shrimp DCP2 in virus infection
267
To characterize the role of shrimp DCP2 in virus infection, the expression level of that DCP2 was significantly upregulated in virus-challenged shrimp (Fig 1A) ,
270
suggesting that DCP2 played an important role in virus infection.
271
To explore the influence of DCP2 silencing on virus infection, 272 the DCP2 expression was knocked down by sequence-specific DCP2-siRNA in 273 shrimp (Fig 1B) . The results revealed that the DCP2 silencing resulted in significant 274 decreases of WSSV copies compared with the controls (Fig 1C) , showing that DCP2
275
played an essential role in WSSV infection.
276
Proteins interacted with DCP2
277
To elucidate the mechanism of DCP2-mediated antiviral immunity in shrimp, the 278 proteins interacted with DCP2 were characterized. The results of 279 co-immunoprecipitation assays using shrimp DCP2-specific antibody indicated that 280 two proteins were obtained compared with the control (Fig 2A) . Mass spectrometry 281 identification revealed that the two proteins were DCP1 and DCP2 (Fig 2A) . These 282 data showed that DCP2 was interacted with DCP1 in shrimp. To confirm the 283 interaction between DCP1 and DCP2 proteins, the plasmids expressing DCP1 and 284 DCP2 were co-transfected into insect cells, followed by Co-IP using DCP2-specific 285 antibody. Western blots revealed that the DCP1 protein was directly interacted with 286 the DCP2 protein (Fig 2B) .
287
To identify which domains of DCP1 and DCP2 were interacted, the deletion DCP2 ΔNRD and full-length DCP1, the DCP1 protein was not detected in the 295 immunoprecipitated product using His antibody (Fig 2D) , showing that DCP1 was 296 interacted with DCP2 N-terminal regulatory domain. When DCP2 and DCP1 ΔEVH1 297 were co-transfected into cells, the DCP2 protein did not exist in the 298 immunoprecipitated complex (Fig 2E) , indicating that DCP2 was interacted with
299
DCP1 by binding to its EVH1 domain.
300
The above findings indicated that the EVH1 domain of DCP1 was interacted with 301 the N-terminal regulatory domain of DCP2.
302
Role of shrimp DCP1 in virus infection
303
To explore the influence of DCP1 on virus infection of shrimp, the expression (Fig 3A) .
308
In an attempt to assess the role of DCP1 in virus infection, the DCP1 expression silenced by DCP1-siRNA (Fig 3B) . The DCP1 silencing led to significant decreases 312 of WSSV copies compared with the controls (WSSV and WSSV+DCP1-siRNA-313 scrambled) (Fig 3C) . These findings indicated that DCP1 played a positive role in 314 virus infection.
315
Effects of the interaction between shrimp miR-87 and DCP2 on virus infection
316
To reveal the miRNAs targeting shrimp DCP2 gene, the miRNAs targeting DCP2
317
were predicted. The prediction data showed that the shrimp DCP2 gene was a 318 potential target of miR-87 (Fig 4A) . To evaluate the interaction between miR-87 and pIZ/EGFP-DCP2-3'UTR was significantly decreased compared with the controls (Fig   323   4B ). However, the fluorescence intensity of the cells co-transfected with miR-87 and 324 EGFP-∆DCP2-3'UTR was similar to those of the controls (Fig 4B) .
325
These findings revealed that miR-87 was directly interacted with DCP2 gene. In order
326
to examine the interaction between miR-87 and DCP2 gene in vivo, miR-87 was 327 overexpressed in shrimp, followed by the analysis of DCP2 gene expression. It
328
was revealed that the miR-87 overexpression led to a significant decrease of DCP2 329 expression at transcript and protein levels compared with the controls (Fig 4C) ,
330
indicating that miR-87 was interacted with DCP2 gene in vivo. (Fig 4D) .
336
In order to assess the influence of miR-87 on virus infection, the miR-87 337 expression was silenced or overexpressed in the WSSV-infected shrimp, followed by was knocked down by AMO-miR-87 compared with the controls (Fig 4E) . The 340 miR-87 silencing led to significant increases of WSSV copies and the virus-infected 341 shrimp mortality compared with the controls (Fig 4F and 4G) . On the other hand, shrimp mortality were significantly decreased compared with the controls (Fig 4G and   344 
4I).
345
Taken the above data together, these findings presented that miR-87 could 346 inhibit virus infection in shrimp by targeting shrimp DCP2 gene.
347
Influence of viral WSSV-miR-N46 targeting DCP1 on virus infection
348
To characterize the miRNAs targeting DCP1, the viral miRNAs targeting DCP1 349 gene were predicted. The miRNA target prediction showed that the DCP1 gene might 350 be the target of WSSV-miR-N46, a viral miRNA encoded by WSSV (Fig 5A) . To 
EGFP-DCP1-3' UTR was significantly decreased compared with that in the controls
355
( Fig 5B) , showing that WSSV-miR-N46 was directly interacted with DCP1 gene.
356
In an attempt to reveal the role of WSSV-miR-N46 in virus infection, the 357 expression of WSSV-miR-N46 in WSSV-challenged shrimp was examined. Northern
358
blotting results indicated that WSSV-miR-N46 was detected at 48 h after virus 359 infection in shrimp (Fig 5C) . Therefore, WSSV-miR-N46 was overexpressed in 360 shrimp (Fig 5D) , followed by evaluation of virus copy. The results revealed that the 361 WSSV-miR-N46 overexpression significantly decreased the number of WSSV copies 362 in shrimp (Fig 5E) , indicating that WSSV-miR-N46 played a negative role in WSSV 363 replication.
364
Taken together, the findings revealed that the viral miRNA (WSSV-miR-N46) and 365 host miRNA (miR-87) suppressed virus infection by targeting the DCP1-DCP2 366 complex (Fig 5F) . showing that the DCP2-DCP1 complex takes a negative effect on the RNAi pathway were subjected to SDS-PAGE, followed by protein identification using mass 
